Between the early 16 th and late 19 th centuries, an estimated 12 million Africans were transported to the Americas as part of the transatlantic slave trade. Following Britain's abolition of slave trade in 1807, the Royal Navy patrolled the Atlantic and intercepted slave ships that continued to operate. During this period, the island of St Helena in the middle of the South Atlantic served as a depot for "liberated" Africans. Between 1840 and 1867, approximately 27,000 Africans were disembarked on the island. To investigate their origins, we generated genome-wide ancient DNA data for 20 individuals recovered from St Helena. The genetic data indicate that they came from West Central Africa, possibly the area of present-day Gabon and Angola. The data further suggest that they did not belong to a single population, confirming historical reports of cultural heterogeneity among the island's African community. Our results shed new light on the origins of enslaved Africans during the final stages of the slave trade and illustrate how genetic data can be used to complement and validate existing historical sources.
Introduction
The remote South Atlantic island of St Helena played an important role in the suppression of the transatlantic slave trade in the mid-19 th century. By that time the trade's epicenter had shifted southwards from West Africa to West Central Africa (1) . Strategically placed midway between the coasts of Angola and Brazil in the Atlantic Ocean, St Helena offered an ideal location for the Royal Naval vessels tasked with enforcing the Slave Trade Act. From 1840 onwards, the island was used as a depot for around 27,000 enslaved Africans who had been "recaptured" at sea ( Fig.1, Table 1 ). It is estimated that around 8,000 of those people died on the island in the intervening years -most of whom were buried in two large graveyards in Rupert's Valley (1) (Fig. S1 ).
Archaeological excavations were conducted in Rupert's Valley between 2007 and 2008 in connection with the construction of the island's first airport, leading to the discovery of the skeletal remains of 325 individuals (2) . The human remains and personal items recovered from some of the graves have yielded a wealth of information about the life and death of St Helena's liberated African community. However, the graves provided few clues about their origins or cultural affiliations, beyond being African (1) (2) (3) . Historical sources provide information about where the slave ships were captured ( Fig. 1) , but not about the origins of the "recaptured" slaves in Africa (1) .
To investigate the origins of St Helena's liberated Africans, we generated whole genome sequence (WGS) data (0.1-0.5× average coverage) from twenty individuals recovered during the archaeological excavations on the island and examined their genetic affinities to a set of 76 present-day African reference populations from 24 countries. Kinship analysis (4) revealed no close relationships between the sequenced individuals. However, chromosomal sex estimates (5) revealed many more male individuals (n=17) than females (n=3), in agreement with historical reports of a male bias in the transatlantic slave trade during its final phase (6) .
Results
Following initial screening of ancient DNA (aDNA) libraries from 63 individuals ( Fig. S1 and Supplementary Table S1 ), we generated WGS data (0.1-0.5×) for a subset of twenty individuals (Table 2 ) using a whole genome capture method. Using this approach, we increased the human endogenous content of the aDNA libraries up to 10 times ( Supplementary Table S2 ). All libraries exhibited features typical of authentic aDNA, including short average read lengths (<100 bp), characteristic fragmentation patterns, and an increased frequency of C-to-T substitutions at the 3′ and 5′ ends of reads (8) ( Table 2 , Supplementary Table S1 and S3). Contamination estimates were below 10% except for two samples: 254 and 351 ( Table 2 and Supplementary Table S4 ). To explore the effect of contamination in those two samples, we reproduced a number of analyses using only damaged reads (7) . As the results were qualitatively similar to those obtained when using the totality of reads, we used all mapped reads for the subsequent analysis from all the samples in the study.
Male bias in the transatlantic slave trade
Historical sources suggest that there was a male bias in the transatlantic slave trade, with twothirds of enslaved individuals being male, and one-third female (6) . Historical records also indicate that, as a result of various factors, these ratios varied widely over time and that during its last phase in the nineteenth century the trade was heavily biased towards adult males and children (6) . To test if the genetic data fit with these observations, we determined the genetic sex of the individuals in our sample by calculating the proportion of reads mapping to the X and Y chromosomes, respectively (5) . This revealed that 17 of the individuals were males and only three were females ( Fig. S2 and Supplementary Table S5 )consistent with the strong bias reported in historical sources. For the 17 individuals deemed to be adults on the basis of skeletal morphology ( Supplementary Table S6 ), genetic sex was in agreement with osteological inference. Three adolescents (12-18 years old) who could not be sexed based on skeletal traits, were confidently identified as males based on the genetic data. Among the 20 individuals under study, there were not any children. However, we note that out of the 325 individuals excavated, nearly half (177, 54.46%) were identified as subadults (younger than 18 years old) (2), also in agreement with an age bias reported in the historical records.
Diverse origins in West Central Africa
To investigate the origins of the individuals from St Helena, we first determined their mitochondrial DNA (mtDNA) haplogroups and the Y-chromosome haplogroups for the males (7) . While these markers only reflect a small portion of a person's genetic ancestry, and are rarely able to provide definitive assignments of individual origins (9, 10), they can nonetheless be informative (11) . We recovered complete mitochondrial genomes for all 20 individuals with an average depth of coverage between 30-200×, enabling confident assignment of mtDNA haplogroups ( Table 2 and Supplementary Table S7 ). As expected, all individuals belonged to the L0-L3 clades of the African macrohaplogroup L. Based on the frequencies of subgroups from these clades across contemporary African populations (12, 13) we conclude that the individuals trace their matrilineal ancestry to West Central Africa (Fig.  S4 ). In particular, the subgroups L2a1f, L2b, L1b1a, L1c3a, and L3f1b1a, found in 50% of the studied individuals, are commonly found in this region (13) .
With regards to the Y chromosome, the vast majority (88%) of the 17 males under study belong to haplogroup E1b1a1a1-M180 ( Fig. S5 and Supplementary Table S7 ). This haplogroup is found at high frequency in parts of West Central Africa today and has been associated with the Bantu expansion (14) (15) (16) (17) . Taken together, the mtDNA and Y chromosome evidence points at West Central Africa as the most likely place of origin of St Helena's liberated Africans. However, due to the wide distribution of many of the mtDNA and Y chromosome lineages across the African continent as a result of the Bantu dispersals and other population movements (18, 19) , it is difficult to identify more specific origins using uniparental markers alone.
To explore the origins of the individuals further, we performed a principal component analysis (PCA) using a reference panel consisting of 235,513 SNPs genotyped on 2,898 individuals from 76 African populations ( Supplementary Table S8 ). The PCA was performed based on the overlapping SNPs by projecting the historical individuals onto the present-day variation ( Supplementary Table S9 ). We find that the individuals from St Helena cluster with populations from West Central Africa, specifically with present-day populations from Cameroon, Gabon and Angola ( Fig. 2A ). These results are mirrored in the ADMIXTURE (20) analysis (K=7), which reveals that the African individuals have ancestry proportions that are most similar to those found in present-day Bantu-speaking populations from West Central Africa (Fig. 2B ).
Building on these findings, we then projected the individuals onto a PCA limited to 24 reference populations from Cameroon, Gabon and Angola and based on a total of 592,378 SNPs ( Supplementary Table S10 ). In this analysis, the individuals from St Helena cluster more closely with present-day populations from Central Gabon and northern Angola than Cameroon (Fig. 2C ). However, we note that while there clearly is genetic structure among these populations, we are unable to pinpoint specific source populations at this level of resolution. This problem is exacerbated by the fact that the actual source populations of the individuals under study might not be adequately represented in our refrence dataset.
To get a more direct handle on the genetic affinities of the African individuals and their origins, we computed a weighted measure of genomic identity by state (wIBS) (21) between each individual in our dataset and 841 individuals from 22 present-day reference populations from West Central Africa (7) . Higher wIBS scores indicate stronger genetic affinity between the historical individual and any given reference population. The heatmap in Fig. 2D shows the mean wIBS scores for each of the individuals in our dataset (STH). To narrow down the number of potential source populations for each individual, we then performed a pairwise permutation test to compare the reference population that yielded the largest mean wIBS score with the mean wIBS scores obtained for the other 21 reference populations. This way, we were able to formally exclude up to 9 populations from the reference panel as possible sources for each of the individuals in our dataset (P <0.05/21, bonferroni corrected for 21 comparisons) ( Fig. 2D and Fig. S10 ).
To further investigate and clarify these relationships, we computed a set of Dstatistics of the form D(Outgroup, STH; refwIBS, test), where refwIBS is the population with the highest wIBS value for each individual from St Helena, and test represents all the other populations in the reference panel (7) . These tests suggest that none of the tested populations are closer to the individuals in our dataset than the population with the maximum wIBS value, thus supporting the wIBS results (S12, Fig. S11 and Supplementary Table S11 ).
Lack of close kinship ties supports diverse origins
In light of the shared mtDNA and Y chromosome haplogroups among some pairs of individuals, we explored whether any of them were close relatives. We used READ (4) that was developed specifically to infer kinship relationships in degraded samples, with as little as 0.1x shotgun coverage per genome for pairs of individuals. Exploring kinship relations among the individuals under study is important for two reasons. First, close kinship ties would suggest a common origin. Second, the presence of related individuals might shed new light on the dynamics of enslavement at the time. However, based on READ analysis we found all individuals to be unrelated. The lack of close kinship ties among the individuals in our sample supports the notion that the individuals had diverse origins.
Discussion
Historical records offer important information about changes in the volume and routes of the transatlantic slave trade. In the case of St Helena, records from the island's Vice Admiralty court indicate that the vast majority of slave ships brought to the island by the Royal Navy's West Africa Squadron between 1840 and 1867 were captured south of the equator, with most captures clustered around the Central African coast ( Fig. 1 ). However, while they give us a general indication where captives may have originated, these records reveal relatively little about their actual ethnic or geographic origins. Other historical records suggest that the captives arriving at St Helena were ethnically and linguistically diverse (1) . Evidence from letters, diaries and official reports indicate in general terms that the Africans in St Helena's depots were predominantly from Central and Southeast Africa, as this passage from a 19th century account of the island's Liberated African Establishment illustrates: "With a few exceptions [...] all the negroes who were brought to St. Helena came either from the countries bordering on the Congo River, from Angola, Benguela, or the Mozambique. The exceptions [...] are natives of the interior of Africa" (22) .
At the beginning of the 19th century there were three principal slaving regions in West Central Africa: northern Angola, Luanda and Benguela (23, 24) . After 1807, international efforts to suppress the slave trade had a major impact on the operation of the trade in Luanda and Benguela, which had dominated the supply and shipment of slaves hitherto (24) . This resulted in a shift and relocation of the trade to northern Angola, particularly the region between southern Gabon and Ambriz, passing by and making use of the Congo river to protect slavers from the British Navy and stretch the trade from the river banks all the way to the interior, expanding up to today's Kinshasa (25) . At this point, the slave trade from northern Angola was orders of magnitude bigger than in other regions, shipping approximately 340,000 captive Africans solely in the period between 1841-1867 (26, 27) .
Our results are consistent with the historical evidence in that they suggest close affinities between the individuals recovered from Rupert's Valley and present-day populations from West Central Africa. This is supported by the mtDNA evidence, as well as the Y-chromosome data and the genome-wide SNP-based analyses. While the mtDNA and Y-chromosome analyses lack in resolution, the genome-wide analyses suggest that the individuals had close affinities to present-day populations from Gabon and Angola. Based on the PCA, the ADMIXTURE analysis, as well as the patterns of wIBS, we further conclude that the individuals are likely to derive from several different populations and locations in West Central Africa, most probably within the boundaries of the northern Angola historical region, which at the time covered territories in today's northern Angola, Congo, the DRC, and Gabon (25) (26) (27) . In agreement with a multiple origin hypothesis, we find no genetic kinship relationships between the individuals under study.
Our ability to trace the genetic ancestry of enslaved individuals reliably is limited by the available reference panels, highlighting the need for more extensive sampling of human populations across the African continent, as currently there is relatively sparse information for most regions (28) . In particular, the reference populations available from West Central Africa have a disproportionate number of individuals and populations from Gabon, but relatively few individuals from Angola and none from the Congo, the DRC, and other important places for the scope of this study. As larger reference samples from more populations become available, more accurate inferences regarding the origins of St Helena's "liberated" Africans will be feasible. Furthermore, resolution is limited by the relatively small number of SNPs typically used in genotyping. Both of these problems are likely to be overcome in the near future with ever-increasing studies about African variation and the use of larger SNP panels and whole-genome sequencing (29) .
In addition, the large-scale and widespread movements of people within the African continent itself during the period at which the slave trade was in operation, complicates the resolution of results. In this regard, it is important to note that the genetic and cultural landscape of sub-Saharan Africa has changed quite dramatically over the past 400 years (30) . Therefore, we should be careful when applying present-day labels to past populations.
Our study highlights both the potential and challenges associated with the use of genetic data to shed light on the history of individuals in the transatlantic slave trade. Despite the limitations, we were able to confirm the region of origin for the individuals in our sample to West Central Africa and to narrow down the area between Gabon and Angola as the most likely geographical origin of the groups that these individuals belonged to. These findings are consistent with the limited historical records on St Helena that mention the Congo and Angola in this context. Moreover, they are consistent with historical research indicating a geographical shift during the latter stages of the transatlantic slave trade (6) .
The individuals studied here represent only 20 among the more than 12 million enslaved Africans who were transported across the Atlantic between the early 16th and late 19th centuries. As there are many unanswered questions left, genomic approaches are proving to be powerful and accurate to validate and complement historical data, and to answer longstanding historical questions. In the future, the generation of more ancient genomic data, combined with adequate reference datasets and in-depth historical and ethnographic research, will contribute to our knowledge about the origins and movements of different peoples and groups in those historical times, offering the possibility of investigating personal and individual life histories (31) . Despite not being representative of the entirety of people enslaved in transatlantic trade, the ability to tell the story of a few will help us to illustrate the condition of the many.
Materials and Methods
Samples and archaeological background. Premolar teeth were sampled from 63 individuals for ancient DNA (aDNA) analysis. Thirty-two of these were osteologically classified as males, 16 as female and 15 of unknown sex (2) . Thirty individuals showed evidence of dental modification of various types, and all except 10 of them were classified as adults older than 18 years old ( Supplementary Table S6 ).
To assess the level of aDNA preservation and the potential for genome-scale analysis we initially screened the samples using an Illumina-based shotgun sequencing approach. Most samples exhibited poor DNA preservation, with endogenous DNA contents ranging from 0.003% to 48% (mean 2.97%) ( Supplementary Table S1 ). We therefore decided to apply an in-solution whole-genome DNA enrichment approach to a subset of 35 of the samples ( Supplementary Table S2 ), which once sequenced yielded genome-wide data for 20 samples at a coverage ranging from 0.1× to 0.5×.We conducted a downsampling experiment to show that the data recovered was sufficient for population assignment against available reference data generated from present-day African populations (Fig. S6 ). For additional details see Supplementary Information.
DNA extraction, NGS library preparation and sequencing.
All experiments from sample processing, DNA extraction and library preparation (pre-library amplification) were conducted in dedicated aDNA clean lab facilities at the Centre for GeoGenetics, Natural History Museum of Denmark, University of Copenhagen, following established aDNA guidelines, including wearing coveralls, mask, hair and shoe covers, and double gloves; and cleaning working surfaces and all materials with bleach and 70% ethanol and subsequently irradiate them with ultraviolet light.
DNA was extracted from tooth roots using silica-based methods (32, 33) . Recovered extract was then built into Illumina libraries using a blunt-end library preparation kit from NEB (E6070, New England Biolabs) and Illumina-specific adapters (34) . Libraries were amplified and indexed, purified, and pooled for sequencing. Selected libraries were further enriched for the human fraction using the MYbaits Human Whole Genome Capture Kit (Arbor Biosciences). All sequencing was performed on an Illumina HiSeq 2500 platform run in 100bp single read chemistry mode.
Data processing. After demultiplexing, adapter sequences were trimmed using AdapterRemoval 2.0 (35) with the default options in single-end mode. Adapter sequences, Ns, and low-quality tracks were trimmed from the reads and remaining reads shorter than 30 bp were removed. Reads were then mapped to the human reference genome (Hg19) using bwa aln algorithm (36) discarding duplicates and reads mapping to multiple regions of the genome. mapDamage 2.0 (37) was used to rescale the quality of bases that had a mismatch to the reference likely derived from damage. PMDtools (38) was used to filter BAM files and retain only reads showing signs of aDNA damage.
Data authenticity. Authenticity of data was confirmed by: (a) sequencing of negative controls, (b) assessment of aDNA damage patterns and fragment length distribution, and (c) mtDNA contamination estimates. To examine damage parameters and validate sequencing data we used mapDamage 2.0 (37) . We estimated contamination based on high coverage mtDNA data using two methods Schmutzi (39) and ContaMix (40) .
Sex determination. Genetic sex was determined by analyzing the ratio of X-to Ychromosome reads following the study by Skoglund et al. (5) (Fig S2) .
Kinship analysis.
To infer kinship relationships we used the software READ (4) and estimated relationships using a predefined panel of SNP sites consisting of 1,650,908 markers from the YRI individuals of the 1000 Genomes dataset. mtDNA analysis. Mitochondrial haplogroups were determined by retrieving the reads mapping to the rCRS (41) from the BAM files and creating a consensus sequence. Variants in the mtDNA were called using SAMtools and bcftools (42, 43) , recorded in an hsd file and haplogroups were identified with the Haplogrep Software (44) using Phylotree build 17 as reference (45) .
Y chromosome DNA analysis. Inference of Y chromosome haplogroups for the male individuals was carried out using phylogenetically informative SNPs identified in studies of present-day Y chromosome diversity. We called Y-chromosome genotypes for each sample using the haploid genotype caller implemented in ANGSD (46) , and performed a binary tree search to find the most derived SNP that determines the haplogroup of the individuals. Principal Component Analysis. PCA was performed using smartpca from the Eigensoft package (47) using the three different present-day datasets: (1) global, (2) Africa and (3) West Africa as reference panels. The ancient samples were projected onto the present-day populations using the option lsqproject. For the two samples with higher contamination estimates, in order to assess if contamination was affecting the overall results, we compared the "contaminated" samples with two samples with higher depth of coverage and lower levels of contamination by projecting onto the PCA using only reads with signs of aDNA damage (Fig. S7 ). We found similar results between samples, and decided to use all mapped reads from all the samples. However we caution that the results for the two contaminated samples (254 and 351) should be interpreted with care.
ADMIXTURE Analysis.
To investigate the genetic ancestry composition of the St Helena individuals we used the maximum-likelihood algorithm ADMIXTURE (20) . We ran ADMIXTURE using different numbers of clusters (Ks). We first determined the values of K that produced the lowest cross-validation (CV) error values. For the whole Africa reference panel, the three lowest CV error values were obtained using K=6, K=7, and K=8. We ran 100 replicates of ADMIXTURE for each K and kept the replicate with the highest loglikelihood.
Weighted IBS. To estimate the affinity of the studied individuals to possible African source populations, we performed an analysis based on a pairwise identity-by-state weighted by allele frequencies (wIBS) (21) in the West Central Africa panel where sample sizes were greater than nine. In order to test whether the reference population with the greatest mean wIBS for each of the individuals (refwIBS) was significantly greater than the value observed for other reference populations, we performed population pairwise permutation tests. In this test, where REF is another reference population, the wIBS values between the individuals in our sample and each member of reference population refwIBS and REF were shuffled 100,000 times to obtain the null distribution for the difference in mean wIBS values with each of the individuals in our sample (refwIBS-REF), under the assumption of no difference between them. For a single test, each of the individuals in our sample was deemed to be more closely related to population refwIBS than to REF, when 5% or fewer values from the null distribution were greater than the observed (non-permuted) difference between refwIBS and REF.
These P values were further Bonferroni adjusted for the number of tests performed. Importantly, even if the true source population of an individual is not represented among the reference populations in our analysis, it is still possible to exclude reference populations with significantly lower wIBS values than refwIBS. 
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